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Introduction
Engineering design is a core component of any engineering education. Most students take some form of engineering design in their capstone experience, as is recommended by ABET [1] . Recently, however, more opportunities for this work have been created for underclassmen. Studies have shown that placing team-based engineering design earlier in an engineering curriculum can provide students with valuable teamwork skills and connections to real-world engineering work, as well as increase retention of material learned in class [2] . Teaching design freshman year increases retention of women and underrepresented minorities [3] . It also provides relevance and context to young engineers' careers.
While there is an increased interest in teaching engineering design, understanding how to teach it is still a challenge. Teaching engineering design requires instruction of process not content, something that is often foreign to students and instructors. When teaching engineering design in the classroom the format should focus more heavily on active learning than the traditional passive learning formats. Learning engineering design and practicing engineering design are two different things.
The traditional engineering classroom typically includes greater fractions of passive learning than active participation. Concept understanding and knowledge retention have been shown to be higher with a variety of active learning types, such as problem based or active learning. [4] .
In typical classes students are assessed based on performance on problem sets and tests that require knowledge gains from textbooks and lectures. Assessing engineering design is different, however, as it is based on evaluating students' execution of processes explained in class, rather than quantifiable test outcomes with correct answers [5] . Repeatable methods to test processexecution are needed.
The engineering design process is a decision-based process that can be used to break down and solve large and complex problems. Each university teaches a variation of the basic steps of the engineering design process: clarifying the problem, understanding the problem and context, defining design criteria, brainstorming, prototyping, testing, and documentation. A central feature of the engineering design process is iteration. Iteration is used to cycle backwards to repeat steps when new information has come to light, when failure occurs, or when an alternate option needs to be explored. Success in the engineering design process requires a mindset that encourages iteration and revision as a once-only run through of the engineering design process is surely to yield mundane or already-attempted solutions.
Teaching iteration in a lecture course is nearly impossible. The process of iteration includes making assumptions, creating artefacts based on those assumptions, testing those assumptions, synthesizing results and ultimately starting over with refined assumptions. Through these steps new information about a problem is generated, which influences the next steps [6] . Simply lecturing about these steps is insufficient to give students the experience necessary to effectively iterate in teams. Failure is one of the main reasons for iteration, but is difficult to teach about. The ability to identify and assess failures or other reasons for iteration can only be properly learned through hands-on experience. Previous studies have highlighted the ability to teach such concepts using hands-on activities such as model building and laboratory exercises. Lemons et al. showed that model building helped students generate ideas, make ties between concept and physical object, and finally make the students more away of their process-based strategies [6] . Mackenchnie and Buchanan have employed hands-on activities in a laboratory class using a building component [7] .
The current work aims to teach crucial aspects of engineering design in short periods of time by providing students with simple building-based kits. Students use these kits in the classroom to solve challenges requiring steps from the engineering design process. The activities can be completed by most students as they require only practical ingenuity and creativity. Teams need to rapidly move through the steps of the engineering design process and iterate based on what they learn in order to be successful. These kits also provide instructors with an application of the design process to base student performance evaluations on, rather than typical question and answer.
Kit Development
The kits originally started as active learning challenges developed by faculty and staff at the Oshman Engineering Design Kitchen at Rice University. These kits were originally used for challenges offered at weekly lunch time events called INNOVATE Challenges [8] . These events were open to the public, students, and faculty. Attendees would draw a random number that would place them on a team with three other people. Participation was limited to 45 participants (15 teams), on a first come first serve basis. The challenge would be announced promptly at 12:05, begin immediately, and run for less than an hour. Prizes were awarded for the top teams.
Challenges were adopted from a number of sources, including St. Louis University's Weekly Innovation Challenges [9] , Teampedia.net, a wiki-based website that lists team building exercises, and from brainstorming sessions with Rice instructors. Challenges were scoped to be completed in the one hour period including set up and breakdown. Before running a challenge during an INNOVATE event, the challenges were workshopped and played through numerous times by staff and professors to adjust to the right level of complexity based on time constraints and student experience. Complexity was added to each challenge by adding design specifications, or setting minimum criterion which were difficult to achieve. The goal was to set a difficulty level such that it was easy for teams to complete the process-based steps of the challenge, but alone would not guarantee success in meeting the design criterion. Instead, students or teams would have to make a leap, either creatively or intellectually, to innovate upon the challenge solution in order to meet the success criterion. The leap could only happen if students completed a build and test iteration cycle. Complexity of the challenges were adjusted to suggest iteration as a necessary step to meet the success criterion, rather than merely going through the steps of the design process.
These challenges were later adapted and new ones developed to be deployed in a number of circumstances. The first ancillary product of these challenges was to teach workshop participants how to use low fidelity prototyping to communicate ideas and solve problems [10] . Low fidelity prototyping is a process that champions using readily available materials to build rapidly with low attention to aesthetic appeal and a strong focus on developing practical solutions. These workshops were taught with a kit of materials collected to run any of the challenges. Teams could then use the low fidelity materials and skills from these workshops for future projects.
The second evolution of these challenges was to teach students the engineering design process, specifically the iterative aspects of building and testing. Success in the challenge is dependent upon how quickly teams can iterate, not quality of craftsmanship, aesthetics, or other surface level characteristics. One of the challenges was introduced at Michigan State University for EGR 100 -Introduction to Engineering Design. This is a two-credit course taught in a lecture and laboratory format. Course learning objectives focus on engineering design and project management, technical communications, teamwork and engineering professionalism. Flipped classroom lectures are held once each week for 50 minutes throughout a 15-week semester. The laboratory sessions meet once per week for 110 minutes each. Lectures are held in a traditional auditorium, whereas the laboratory sessions are held in a computer lab facility with Windows ® -based PCs. Lectures primarily deal with the various aspects of design, communication and the engineering profession while introducing students to the NAE Grand Challenges. Laboratory sessions concentrate on applications of the lecture topics through individual and team-based assignments and small projects related to two team-based major design projects. One of the challenges used in these lab sessions, the ping pong ball launcher, was one of the small projects, termed "Team Design Exercises," administered Fall 2015.
Sample Kit Description and Contents: Ping Pong Ball Launcher
Each kit contains three components: an instructor procedure, a student set of instructions, and collected materials. The materials can be assembled for each kit or as part of a larger collection of prototyping materials available to teams. Appendix A includes the challenge instructions for the student teams. When students arrive at the lab they are given instructions for the challenge, and informed of the time constraint. The instructors have already been given the guide on how to execute the challenge. The timing of the ping pong ball exercise allows for iteration and revision, a necessary component of the challenge. When this challenge was originally workshopped with undergraduate engineering students most teams developed completely unique ping pong ball launchers, as shown in Figure 1 .
The following components are provided for each team: 10 popsicle sticks, 20 assorted rubber bands, 2 each large, medium, and small binder clips, 2 clothes pins, and 1 ping pong ball.
Other challenges have been developed that similarly use readily available materials and can be completed in an hour. These challenges are identified in Table 1 along with the intended engineering design skills that we aim to teach. Table 1. Table of prototyping 
Kit Deployment
The MSU Fall 2015 course consisted of 24 laboratory sections (Team Design) taught by graduate teaching assistants (TAs). There were 246 total teams of approximately 4 students each formed randomly by TAs. A kit containing the designated construction materials along with an instruction sheet (see Appendix A) were provided to each team. Teams were given 30 minutes to design, construct, test and optimize their launchers. A competition between teams followed with teams that launched balls the farthest being recognized with extra credit points for the exercise.
After analyzing the result of the first delivery of the Team Design exercise, several modifications and competition rules clarifications have been proposed by the TA staff for implementation in the Spring 2016 course. First, the number of competition attempts will be reduced from three tries to a single opportunity. Next, a fixed distance will be implemented so that all teams in all lab sections will compete from the same starting position. Also, the objective of the competition will be detailed so as to maximize the number of cups knocked down as opposed to the greatest distance from which cups were toppled. Finally, the kit components will be modified with a reduction in the number of rubber bands as well as an increase in the number of binder clips and clothes pins.
Students were surveyed as to their experiences with the Team Design Exercise. Results are displayed in Table 2 
